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(54) Apparatus and method of compensation for signal time-of-arrival variation in a UMTS 
handset 



(57) Time base error in a dual mode mobile tele- 
phone is correct by measuring the time of arrival of a 
signal (6) comparing the time of arrival with an expected 
time of arrival (2). The time base error is corrected with 



a measured error signal (1 0, 1 2). An average time base 
error is derived from the measured errors over a prede- 
termined period of time (14). From this, predicted error 
is used to correct the expected time of arrival of a signal 
(4). 
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Description 

[0001] This invention relates to a dual mode mobile 
telephone handset which operates on both the GSM and 
UMTS networks. 

[0002] Dual mode mobile telephones of this type have 
to take regular synchronisation measurements with both 
the GSM and UMTS networks. When a phone is not in 
a call this is not a problem as there is plenty of time avail- 
able to perform all the required measurements. Similar- 
ly, when the phone is in a call on the UMTS network, 
there are commands available which cause transmis- 
sion gaps thereby freeing up time for synchronisation 
with the GSM network. 

[0003] However, when the phone is in a call on the 
GSM network, measurement on the UMTS network can 
only be performed in idle periods which are one GSM 
frame in length and approximately one hundred and 
twenty milliseconds apart. Certain UMTS measure- 
ments take longer than one hundred and twenty milli- 
seconds to perform and therefore have to be split over 
more than one idle frame. Therefore, to complete suc- 
cessfully such a measurement the handset has to keep 
track of the UMTS frame timing (as established in the 
first GSM idle frame) until the next GSM idle frame when 
the UMTS measurement can be continued or complet- 
ed. 

[0004] The accuracy required in this time base de- 
pends on the window size of the UMTS decoder. As win- 
dow size relates directly to processing power required 
and hence to cost the power consumption of the decod- 
er, the window size needs to be kept as small as possi- 
ble. Unfortunately the only clock available to time the 
UMTS operations is the GSM one, and this can vary sig- 
nificantly in relation to the time base of the UMTS sys- 
tem. In addition, the time of arrival of UMTS signals can 
vary as the handset moves towards or away from the 
UMTS base station. Thus the size of the time base and 
time of arrival variations and hence the required window 
size depend on three factors: 

1 . The difference between the UMTS and GSM net- 
work clocks at the respective base stations. 

2. Errors in the GSM clock caused by Doppler shift 
in the received GSM signal frequency (due to mo- 
tion of the handset relative to the GSM base sta- 
tion), as the GSM clock will track at the received 
frequency, rather than the transmitted frequency of 
the GSM signals. 

3. The varying timing delay experienced by the 
UMTS signals arriving at the handset due to motion 
of the handset relative to the UMTS base station. 

[0005] Nothing can be done about point 1 within the 
handset. Point 2 can be compensated for using predic- 
tive techniques based upon the timing advanced (TA) 
mechanism provided in the GSM network. This can be 
addressed in our United Kingdom patent application no. 



0109794.8 filed on 20 th April 2001. 
[0006] A preferred embodiment of the present inven- 
tion provides an apparatus for compensating for the var- 
ying time delay effects in UMTS (point 3 above). By min- 

5 imising this source of UMTS timing error, particularly 
when combined with compensation for point 2, brings 
the required window size in the UMTS decoder down to 
plus or minus one sample and therefore reduces the re- 
quired processing power by about 40%. 

w [0007] The invention is defined with more precision in 
the appended claims to which reference should now be 
made. 

[0008] A preferred embodiment of the invention will 
now be described in detail by way of example with ref- 
*5 erence to the accompanying figures in which: 

Figure 1 is a block diagram of an existing burst 
mode receive process; and 
Figure 2 is a block diagram of a burst mode receive 
20 process embodying the invention. 

[0009] The time taken by a signal to travel from a 
UMTS base station to a handset can be simply calcu- 
lated, based on the speed of the signal and the distance 

25 jt must travel. If the handset is in motion along the axis 
between receiver and transmitter then the absolute de- 
lay experienced by the signal from the time it' is trans- 
mitted to the time it is received will vary in proportion to 
the distance travelled and the direction of the motion 

30 along the axis whilst the signal is travelling from the base 
station to the handset. 

[0010] In the existing first mode receive process as 
shown in figure 1 the handset uses the GSM clock to 
determine when it expects the UMTS signal to arrive. 

35 This is done at step 2 and a receive window is open at 
the expected time of arrival at step 4. The actual time of 
arrival of the signal is measured at box 6 and the error 
between the measured time of arrival and expected time 
of arrival is derived at step 8. An update for the UMTS 

40 time base is derived from the measured error at step 1 0 
and applied to the UMTS time base at step 12. This time 
base is then used to calculate the expected time of ar- 
rival of the next UMTS signal at 2. 
[001 1] In this embodiment, the handset uses the GSM 

45 clock to determine when it expects the UMTS signal to 
arrive and opens a receive window accordingly. By 
measuring the difference between the expected time of 
arrival and the actual time of arrival of a signal, a meas- 
ure of the combined effects of GSM clock time base er- 

50 ror and any change in UMTS signal delay will be cap- 
tured. If the effects of the GSM time base error (point 2 
above) are minimised using the techniques described 
in UK patent application no. 0109794.7, the resulting dif- 
ference will be reduced and should then be predomi- 

55 nantly a measure of the change in signal propagation 
delay due to motion of the handset since the last signal 
was received. The method set out in UK patent applica- 
tion no. 0109794.8 corrects the Doppler Shift in GSM 
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signals with a mobile handset by using timing advance 
signal to determine the rate of change of motion of the 
handset in relation to the base station. Timing advance 
is a rough measure of the distance between the handset 
and the base station having a resolution of approximate- 
ly 55 metres. Changes in timing advance data are de- 
tected and after a predetermined interval of time, the 
timing advance data is examined again to see if it has 
changed. If it has, then a correction for the UMTS signal 
is derived. 

[0012] A preferred embodiment of the invention com- 
pensates for the measured timing difference which is 
now predominantly due to the change in signal propa- 
gation delay by measuring the timing difference and 
storing and comparing this with a number of previously 
recorded values to determine the current average rate 
of change of delay. This average rate of change of delay 
can then be used to determine the next expected time 
of arrival to thereby minimise the difference between ex- 
pected and actual signal time of arrival caused by pre- 
dictable changes in signal propagation delay. In this 
way, information on previous changes to UMTS signal 
propagation delay are used to predict future variations 
and thus to reduce the required window size. 
[001 3] The system of figure 2 shows what happens at 
a handset embodying the invention. This is similar to fig- 
ure 1 , except that there is a prediction block 14 provided 
which takes a sliding window average of the measured 
errors derived in step 8 to determine an average error 
in the difference between measured time of arrival and 
expected time of arrival. A predetermined maximum 
number of samples is used and this number can be var- 
ied as desired. Usually it will be set within the handset. 
This average error is then used at step 4 as a correction 
to the expected time of arrival. Thus, for example, with 
a handset which is moving at a steady speed, the aver- 
age error will be relatively constant and this should give 
good correction. Even for handsets which are not mov- 
ing at steady speed, some benefit will be derived from 
correction by the average error. 
[001 4] In particular, by tracking the average time base 
error it is possible to provide a predicted correction for 
time base error, thereby reducing the actual time base 
error encountered. In a moving car on e.g. a motorway 
travelling at constant speed this should essentially elim- 
inate time base error. With more sporadic movement the 
correction will be less useful but the system can be set 
up to adapt to underlying trends in time base error. 



Claims 

1 . A method for correcting for time base error in a mo- 
bile telephone in the UMTS mode of operation com- 
prising steps of: 

measuring the time of arrival of a signal, 
comparing the time of arrival of a signal with the 



expected time of arrival to derive a time base 
error signal, 

correcting the time baso for time base error, 
deriving an average time base error value over 
5 a predetermined period of time, 

applying a predicted time base error to the ex- 
pected time of arrival to reduce the magnitude 
of the derived time base error. 

10 2. Apparatus for correcting for time base error in a mo- 
bile telephone, in the UMTS mode of operation, 
comprising means for measuring the time of arrival 
of a signal, means for deriving a time base error 
from the measured time of arrival and an expected 

15 time of arrival of the signal, means for correcting the 
time base with the time base error, means for deriv- 
ing an average time base error over a predeter- 
mined period of time, means for applying a predict- 
ed correction to the expected time of arrival to re- 

20 duce the magnitude of the time base error. 

3. A method for correcting for UMTS time base error 
in a dual mode mobile telephone substantially as 
herein described. 

25 

4. Apparatus for correcting for UMTS time base error 
in a dual mode mobile telephone substantially a 
herein described with reference to the accompany- 
ing figure. 
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